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Abstract
Objective-To determine whether the intervention of a physiotherapist improved mobility in patients seen more than one year after stroke.
Design-Randomised crossover trial comparing two groups offered intervention by a physiotherapist, one immediately after entry into the trial and the other after a delay of three months. The intervention consisted of identifying problems and offering advice and help to solve the problems.
Setting-Patients' homes in Oxfordshire. Subjects-Patients who had reduced mobility due to a stroke more than one year before entry; 60 were recruited from a community stroke register and 34 in other ways.
Main outcome measures-Standard measures of mobility including gait speed, functional ambulation categories, the Nottingham extended activities of daily living index, and individual items from the Barthel activities of daily living index and the Frenchay activities index. Measures of manual dexterity, depression, and anxiety were used as controls.
Results-94 patients entered the trial and 49 were randomised to immediate and 45 to delayed physiotherapy; 89 were compared at the crossover point. At randomisation the two groups were comparable. At three months the group given early therapy showed an improvement in gait speed whereas the untreated group had declined (differences of -3.9 v 6-4 s to walk 10 m; p<0-01); between three and six months the group given delayed therapy showed improvement and the previously treated group declined (differences of 6-5 v -3 9 s to walk 10 m; p<0-01). A 9% (95% confidence interval 0% to 18%) decrease in time taken to walk 10 m was associated with treatment and a 12% (2% to 19%) increase when patients were untreated. Other measures did not change significantly.
Conclusion-Intervention of an experienced
Introduction
Over half of all stroke survivors have continuing problems with mobility," although not all these problems arise from the stroke. Many doctors and patients think that physiotherapy may help. Some studies suggest that late rehabilitation might lead to considerable general benefit,34 but there is little specific evidence to guide doctors, therapists, or managers when considering physiotherapy after stroke. Further, none of the few randomised studies on rehabilitation after stroke have specifically investigated the effect on mobility. Some small studies have investigated the effects on mobility of particular interventions such as the use of foot splints or biofeedback.56
The Oxfordshire community stroke project's register of long term stroke survivors7 allowed us to study the effects on mobility of physiotherapy given to patients who would not be expected to show much spontaneous change and yet for whom physiotherapy is often suggested. We investigated the effects on patients' mobility of being seen, advised, and sometimes treated by a physiotherapist late after stroke. The primary aim was to detect whether mobility improved as a result of the intervention. The design incorporated a control group given therapy after a delay, and a modified crossover analysis was also undertaken.
Method
All patients studied had mobility problems more than one year after stroke: they used a walking or mobility aid, other than just a stick; had had a fall in the previous three months; were unable to manage stairs, slopes, or uneven surfaces independently; or had a slow gait speed >10 s over 10 m if under 60, > 12 5 s if 60-69, >16-5 s if over 70.2 Patients who had agreed to enter the trial were accepted unless we were unable to detect an impairment related to stroke that was likely to reduce mobility and also able to identify an alternative cause for impaired mobility.
Most patients (n=60) were recruited from the 328 survivors in the Oxfordshire community stroke project.8 At final follow up two to seven years after their first stroke patients were assessed for mobility and, if eligible, they were asked to enter the study. Those accepting were contacted six to 12 months later and assessed by a non-treating physiotherapist who decided whether the mobility problems were due to stroke; if so the patient was entered into the trial.
Calculations based on published evidence' 29 suggested that a sample of 100 patients would give an 80% chance at the 5% level of detecting a one category improvement-for example, in walking outdoors-in 10% of patients. We expected to recruit this number BMJ VOLUME 304 from the 328 Oxfordshire community stroke project survivors, but although 190 had mobility disability, 97 refused entry into the study; the mobility problems of 18 were not related to stroke; 11 died after recruitment but before entry; and four were lost, leaving 60 to be entered.8 Additional patients were recruited in various ways: contacting patients discharged from Rivermead Rehabilitation Centre more than six months earlier (12 patients); asking local general practitioners (six); an appeal over the radio (four); and contacting community workers (10) . Two patients referred themselves after hearing about the trial. After confirmation that the patients had suffered a stroke more than one year before entry, they were assessed in the same way as the other patients. Once accepted into the trial, each patient was assessed by an independent (non-treating) physiotherapist immediately, one to six weeks later, and then about three, six, and nine months after the second assessment. Assessments took place at the patient's home, and the independent assessor was not informed of the patient's treatment group. Ten patients were entered too late to complete the last assessment. Table I shows the trial design. There were two initial assessments, primarily to monitor the reliability of the assessment procedures. After the second assessment, patients were randomised to receive physiotherapy either immediately or after a three month delay (that is, after the assessment at three months). Thus at the assessment at three months half the patients had had the intervention and half were controls. Randomisation was by restricted randomisation (permuted blocks of 10) with random number tables.'0 A range of standardised outcome assessments was used-some specifically measuring mobility, some including items on mobility, and some unrelated to mobility-to collect control information. A wide variety of measures was used because the patients had a wide range ofdisabilities, but assessment was not tiring and was usually complete within 40 minutes; most assessments required only questioning the patient or relative. The measures were the motricity index," 2 the functional ambulation categories,'3 the Rivermead motor assessment," 14 (66) 8 (18) 4 (9) 21 (47) 21 (47) 3 (7) 10-0 (3-1) 18 (40) 26 (58) 1 (2) 40 (89) 5 (11) 40 (89) 5 (11) 1 (2) 4 (9) 28 (62) 12 (27) 9 (20) 32 (71) at the two preliminary assessments and at each follow up point; of change in scores between pairs of consecutive assessments in the two groups; and of change in scores between the six month and nine month assessments in those followed up that long. Lastly, the change occurring during the treatment phase was compared with the change during non-treatment, much as in a crossover trial. 
Nine hole peg test (seconds per peg, impaired side)
*Data in column were obtained immediately after treatment.
The 
Results
Ninety four patients were randomised. Patients from the Oxfordshire community stroke project were less disabled than those recruited in other ways. However, the groups given immediate therapy and delayed therapy were similar in most respects at the time of randomisation, and no significant differences were found in the variables shown in tables III and IV or in any environmental factor measured, such as distance from the road or steps within the house. Table IV shows the results at the three assessment points. At the first follow up assessment the treated (trial) group was compared with the untreated (control) group; the average time to walk 10 m was 4-5 seconds less in the treated group but had increased by [3] [4] [5] [6] seconds in the untreated group. At the second follow up the group that had just been given therapy took less time to walk 10 m and the group given early therapy (who had received no therapy since the previous assessment) took longer. However, all measures varied considerably and none of the differ- ences between groups were statistically significant. The changes between assessments in individual patients are shown in table V. Two measures changed in association with treatment. In each group the average time taken to walk 10 m was reduced by 3 9 seconds at the assessment immediately after treatment while the untreated group took about 6-5 seconds longer at the end of the non-treatment phase; the difference in change between the two groups was significant (t=2-71, p<001). Secondly, during treatment seven patients started walking outside and three stopped, while during the period of no treatment two started and five stopped (X2=2O0, p>005). Ten patients stopped walking outdoors over the last three months of the study, when they were no longer receiving therapy.
There were no significant differences in the change (or absolute values) in performance on the nine hole peg test, confirming that the treatment effect was specific to mobility. There was considerable fluctuation, which arose primarily because a few individuals placed a single peg on one occasion (thus entering the analysis) and failed absolutely on other occasions (thus being excluded from analysis). There was no significant change in anxiety or depression (hospital anxiety and depression scale scores), and there were no other changes associated with treatment.
The third analytical approach was to compare the change occurring in all patients during their treatment period with the change that arose in the untreated period. During treatment the time taken to walk 10 m was reduced by 4-2 seconds (95% confidence interval 0 to 8-4 seconds) and in the no treatment period the time taken to walk 10 m increased by 4 9 (1 1 to 8 7) seconds. Analysis of variance'02' showed a definite treatment effect (t=2 5, p<005) but no period effect (t=0-9, p>005): the deterioration seen when not receiving treatment was similar whether treatment had been given previously or not. The deterioration seen in the group not receiving treatment suggests an underlying decline in mobility, which was temporarily reversed by treatment for a maximum of three months.
Discussion
This study shows that the intervention of an experienced physiotherapist can improve mobility and reduce disability in patients seen late after a stroke. The results also suggest that elderly patients may have a continuing decline in mobility after a stroke and do not necessarily have a stable disability. The patients studied were representative of most long term survivors of stroke, and the measures used concentrated on disability. STUDY 
DESIGN
The best design in treatment evaluation-the randomised, double blind trial-is difficult to use in rehabilitation research. The design we used was practical and overcame most (but not all) objections.
The success of the randomisation can be seen in the close comparability of the two groups, but as there was no direct placebo treatment the patients were not blind to the intervention.
Most analyses used are standard, but we also undertook an analysis of variance on the change in time taken to walk 10 m. This analysis is common in drug treatment crossover trials.2 Assuming that change in disability will occur soon after the treatment phase, then this analysis seems valid. The fact that no period effect was detected confirms that the effect of therapy was only temporary.
There were three types of control. Firstly, the effects of being assessed in a study applied equally to both groups. Secondly, there was an untreated group, most obvious at the first three month follow up but also at the six month follow up, when the group treated initially had been three months without treatment. This control should take account of any spontaneous improvement, which in any event is considered unlikely so late after stroke. Indeed our study suggests that, if anything, deterioration was occurring. Lastly, there were controls for any non-specific effects on morale, the most obvious being measures of manual dexterity and measures of mood; no significant changes were seen in these untargeted measures.
The main possible source of bias was the observer, but we made great efforts to ensure that she was unbiased: she was never involved in treatment; she was never told which group the patient was in; she was never given any information about the patient other than name, address, and minimal information on the stroke (such as, how long ago); and she never had the results of preceding assessments with her. Of course, patients and relatives often mentioned whether or not the treating therapist had visited, but after the first three months of the study this gave little clue about which group the patient was in. We concluded that systematic observer bias was unlikely.
Various alternative designs were considered and rejected. The most persuasive was to set a goal for each patient at entry, and then to see whether treatment was associated with achieving the goal. We thought that the process of assessing patients in detail and discussing goals with them was likely to be an important part of any intervention. For example, the mere suggestion that going upstairs was possible might lead patients to try and to succeed, overcoming their previous disability.
Another complicating factor affecting any study on stroke is the effect of intercurrent illness, death, and other events such as bereavement, all likely in this population. All living patients were included in every analysis. Assessments were occasionally delayed one week if someone had been discharged from hospital within the past few days, but assessments otherwise took place on time regardless of external events.
Lastly, in regard to design, the study included fewer patients than we hoped, which may explain why we failed to detect a significant increase in the numbers of patients walking outside. Our power calculations showed that we needed at least 100 patients to detect a 10% increase in the number of patients walking outside. This shortfall occurred despite prolonging the recruitment period by six months and making considerable efforts to recruit patients.
OUTCOME MEASURES
The appropriateness and sensitivity of measures gave rise to considerable concern, especially to the therapists consulted, who felt that the measures would not detect useful benefits achieved, particularly in quality of walking. The measures chosen had to focus on disability, had to be easily used in the home, and had to be applicable to a wide range of patients with a wide range of disabilities. Tailoring an assessment to each patient's problems was considered, but this design had the problems discussed earlier. This study also suggests that after stroke there is a general decline in mobility with time. Our analysis showed a 12% deterioration in gait speed in the untreated group, and statistical analysis suggests that this was not simply due to chance. It is notable that 10 of 75 patients followed up for nine months stopped walking outdoors in the last three months of follow up. Possibly treatment arrested or reversed the decline in mobility.
The measures used also may not capture all improvements seen clinically, because the variation between patients is so great that no limited group of measures is likely to achieve this. For example, a reduction in the amount of personal support needed would not necessarily have been detected, nor would an improvement from using a delta rollator to using a stick, but both are likely to be associated with an improved gait speed.
INTERVENTION
The greatest difficulty in rehabilitation research is to define accurately the intervention being studied. This has been done in outline in the methods section. It is important to emphasise that although many of the actions seem simple (for example, giving advice on appropriate levels of activity), this advice can only be given by (and will only be accepted from) someone with considerable experience. The advice depends on an adequate initial assessment, which in turn requires an experienced physiotherapist.
The mechanism underlying the observed effects is unknown, but presumably intervention has not fundamentally reduced underlying impairments such as weakness. Whatever the mechanism, the improvement was not maintained, suggesting that follow up visits could maintain (and possibly increase) function.
The service implications of our research are unclear. There seems little doubt that intervention had a definite beneficial effect on mobility in some patients, but it is difficult to assess the clinical importance of the change or to calculate comparative cost effectiveness. The results suggest, however, that domiciliary treatment can be of benefit. The benefit depends on seeing an experienced therapist, but the amount of intervention needed may be relatively small.
CONCLUSIONS
What conclusions can be drawn? Firstly, research into rehabilitation using a randomised trial design with objective outcome measures is possible; we used a crossover design with repeated measures. Next, outcome can be measured with simple clinical instruments, and gait speed is an extremely good outcome measure in that it is sensitive to change. Walking outside is probably the second most sensitive measure, but more patients would be needed in any future trial to show an increase in the number of patients walking outside.
Moreover, short term changes may reflect the effects of weather as much as of therapy. Thirdly, it seems likely that, after a period of recovery, patients who have survived a stroke experience a continuing decline in mobility. Finally, we conclude that it may be worth while for an experienced physiotherapist to assess and treat patients with problems of mobility due to stroke even long after the stroke. The intervention can improve mobility, although how and by how much is not yet known.
